Introduction
Cinerarin, the anthocyanin isolated from the blue flowers of garden cineraria, S. cruentus by Yoshitam a et al. [1, 2] , was identified as dicaffeylated delphinidin 3,7,3'-triglucoside on the basis of the chemical evidences and its extraordinary sta bility in a neutral aqueous solution was also point ed out. G oto et al. [3] established its complete structure as malonyltricaffeyl delphinidin-tetraglucoside mainly by means of N M R methods. On the other hand, Y oshitam a et al. [4, 5] character ized the red pigment, named rubrocinerarin, from the cineraria red cultivar flowers, and tentatively determined its structure as cyanidin analogue of cinerarin with the same substituents. In the course o f a survey of acylated antho cyanins in view o f their utilization as natural food colorants and for chemotaxonomic interest, we have investigated the structures o f the two m ajor anthocyanins isolated from other cineraria red cul tivar, and here describe their determ ination and stability in a neutral aqueous solution. 
M aterials and Methods

General procedures
Reference compounds
Cy 3-Glc and Cy 3,5-Glc were isolated from Glycine soja seeds and Rosa hybrida flowers, re spectively. Six standard aglycones (anthocyanidins) were prepared by complete acid hydrolysis of corresponding anthocyanins isolated from suitable plant sources [6] . M a-G lc was prepared from Cinerarin [3] by H 20 2 oxidation. O ther authentic sugars and organic acids were purchased com m er cially in Japan.
Plant materials
The seeds of Senecio cruentus cv. Starlet Red Shade were purchased from Sakata Nursery in Ja pan, and seeded in September 1990 in the garden of M inam i-Kyushu University. The red flower petals were collected on April 1991 and dried at 50 °C overnight, and stored in silica-gel desiccator until experimental use.
Isolation o f pigments
The dried petals (9.5 g) were steeped in 5% AcOH (2 1 x 2 ) overnight and filtered. The crude pigment filtrate contained two anthocyanins (1 and 2) at retention times (contents % ) 1: 18.36 (40%) and 2: 21.00 (58%) min respectively by HPLC analysis. The red extract was applied on a HP-20 (Diaion) resin column (45 0 x 200 mm). The column was washed with 1 % AcOH (2 1) and then eluted with 1% AcOH in 70% EtOH. The pigment fraction was separated on a Sephadex LH-20 column and finally purified by a prepara tive ODS-HPLC using AcOH solvent system. The m ajor anthocyanin fractions were evaporated to dryness, dissolved in a small am ount o f TFA , and precipitated with excess Et20 to give TFA salts of 1 and 2 as red powders. The anthocyanins 1 and 2 were obtained in am ounts of ca. 11 and 26 mg, re spectively.
Preparation o f deacylated anthocyanin (3)
Ten mg of 2 were dissolved in 1 ml o f 2 n NaOH and N 2 was bubbled into the solution and saturat ed for 5 min. Then the solution was kept standing for 30 min, acidified with 1.2 ml of 2 n HC1, and washed five times with 2 ml of Et20 . The E t20 washings were used for the analysis of the acylating acid. The aqueous layer was subjected to Amberlite XAD-2000 column (20 0 x 100 mm), washed with 1% AcOH and eluted with 1% AcOH in 70% EtOH and the eluate was evaporat ed in vacuo to dryness. The residue was powdered with T F A -E t20 described above and 4 mg of deacylated anthocyanin TFA salt (3 -TFA) was obtained as dark red powders.
Hydrolytic analyses
Complete and partial acid hydrolyses [7] and alkaline hydrolysis, and H 20 2 oxidation [8] were performed in the usual manner.
Stability test
Pigments were weighed and dissolved in pH 7.0 buffer solution (Mcllvaine buffer: 0.1 m c ira te -0.5 m phosphate mixture) in concentration 5 x 10-5 m . Molecular weights o f anthocyanins were calculated as mono TFA salts. The VIS spec tra were measured immediately after dissolution, and the measurements were repeated for appro priate interval times at room tem perature (ca. 25 °C). The relative residual color intensities were calculated based on the absorbance at visible maxima (A.vis max) which initial data was 100%. 
Results and Discussion
Petals o f S. cruentus were extracted with 5% AcOH and the extract was purified by HP-20 and LH-20 resin columns and subsequent preparative ODS-HPLC using AcOH solvent system. Two major anthocyanins, 1 and 2, were obtained as TFA salts o f red powders (Table I) .
On acidic hydrolysis, both 1 and 2 gave cyanidin (Cy) as aglycone (Table I) , and D-glucose (Glc) as sugar com ponent (Table II) . In the UV-VIS spec tra of 1 and 2, the presence of the characteristic absorptions at 332 nm suggested that these were acylated with cinnamic acid(s) [6] . This was also confirmed by the presence of conjugated ester car bonyl bands at 1684 cm -1 in the IR spectra. The num ber of the binding arom atic acid(s) were esti mated to be 1 -2 mols in 1 and 2 due to the values o f Eacid max/Evis max (ca. 75%) i6l °n alkaline hydro lysis, the arom atic acids were identified to be caffeic acid (CO in 1, and C f and malonic acid (Ma) in 2 as depicted in Table II . A part from organic acids, as shown in Table II the alkaline hydrolysis of 1 and 2 gave the same deacylated anthocyanin (3) which was determined to have the dimonogly- Table I cosidic substitution pattern by partial acid hydro lysis [7] because other than itself, 3 gave three hy drolyzed pigments involving Cy 3-Glc and Cy. As shown in Table II , H 20 2 oxidation of 3 gave Glc showing the presence of one Glc at 3-OH of Cy [8] , Other Glc was determined to be at the position 3'-OH on B-ring based on the following evidences. The visible maximum wavelength (X,vismax = 517 nm) of 3 occurred the hypsochromic shift from those of common Cy-diglycosides (e.g. ^vis.max = 526 nm of Cy 3,5-Glc) and the X ,vis.max of 3 as well as those of 1 and 2 didn't shift bathochrom ically on addition of A1C13 solution, and the large value of E440/Evis.max = 37% (cf. 13% o f Cy 3,5-Glc) showed it to have 3,3'-diglycosidic substitution pattern [5] , On FAB-MS measurement, 3 gave a molecular ion m /z 611 and N a + adduct at 633 hence its molecular formula as the flavylium ion was deduced to be C27H310 16+ which is composed of Cy and two molecules of Glc. The above estimated structure o f 3 was verified by 'H N M R spectra which could be assigned with the aid of 2D-COSY as shown in Table III . In 'H N M R spectra of 3, six characteristic proton peaks (H-4, 6, 8, 2', 5', 6') in the downfield region showed those o f the aglycone moiety, Cy. In the sugar re gion, the anomeric protons of two sugars (A-l and B-l) in downfield with large J values (7) (8) showed the sugar moieties to have ß forms and ring protons with large / values (7) (8) showed the sugar moieties to have pyranoside forms. To determine the position of the glycosidic linkages, 1 D-difference NOE (D IFN O E) was applied. Since on irradiation at A -l and B-l, negative NOEs were observed at the H-4 and H-2', respectively, A-Glc and B-Glc showed to be attached at 3-OH and 3'-OH on Cy, respectively. Similarly, the observa tion o f NOE for A -l by irradiation at H-4 con firmed the presence o f A-Glc at the 3-position un ambiguously. Thus the chemical structure of 3 was identified as 3,3'-di-0-ß-D-glucopyranosylcyanidin (Cy 3,3'-Glc) as shown in Fig. 1 .
M olecular weights of the flavylium ions 1 and 2 were determined as 773 and 859 corresponding to C36H 370 , 9+ and C39H 390 22+, respectively, based on FAB-MS data, showing 1 to be composed with O f assignable peaks in the 'H N M R spectra o f 1 and 2, six proton peaks in the downfield region showed the aglycone moiety to be Cy. In the sugar region, the anomeric protons of two sugars (A-l and B-l for 1 and 2, respectively) in downfield with large J values (7 -8 Hz) dem onstrated the sugar moieties to have ß forms. Methylene protons (B-6 for 1 and A-6 and B-6 for 2, respectively) appeared as the shifted signals in the downfield area (8 4.1 ~ 4.6 ppm) indicating the sugar parts to be the A-6-OH of 1 and A-6-OH and B-6-OH o f 2 to be acylated. The other sugar ring protons gave over lapped signals in the upfield (3.3 ~ 3.9 ppm) region but some peaks were clarified by the analysis of COSY spectra. The assignable ring protons with large vicinal couplings ( / = 7~1 0 H z , Table III) showed that both A-and B-Glc moieties were pyranosyl configurations. Therefore, the sugar moieties were confirmed to be 3-(6-acylated-ß-Dglucopyranosyl)-3'-ß-D-glucopyranosyl for 1 and 3,3'-di-(6-acylated-ß-D-glucopyranosyl) for 2, re spectively.
In the C f moieties o f 1 and 2, as H-2" and H-3" in both olefinic parts had large coupling constants ( / = 16 Hz), the a,ß-unsaturated carbonyl moieties had trans (E) configuration, and the arom atic pro tons H-8"5, H-9" and H-5" appeared as a ABM type splittings suggesting the presence o f a 1,3,4-substituted benzene rings (Table III) . F or the malonyl groups of 2, the signals o f the methylene pro tons (H-2'") appeared as doublet type peaks in the sugar proton region (3.38 ppm). Linkage positions
